The toxicity values of fatty-alcohol ethoxylates, nonylphenol polyethoxylate, and alkylpolyglucosides have been determined by applying assays with luminescent bacteria.
gathering data on toxicity, which can be compared and statistically studied for establishing correlations between toxicity as well as the chemical structure and/or different properties of the compounds assayed. Studies have been made relating ecotoxicity with temperature, pH, exposure time, hydrophobicity, etc. (Ribó 1987) , with CMC (Sá nchez-Leal 1995), and with interfacial properties (Rosen et al. 2001) .
Non-ionic surfactants are generally complex substances, not well defined single chemical structures but are mixtures containing multiple structurally similar chemicals. The ecotoxicity of a complex substance can depend heavily on the shape of the distribution of its different components. For example, for surfactants, ecotoxicity typically increases logarithmically with a linear increase in alkyl chain length (Boeije et al. 2006) . In such cases of nonlinearity, the most highly toxic components have an impact on toxicity that is disproportionate to their molar abundance, whereas their impact on the calculation of the substance's average structure is proportionate to molar abundance. Hence, it is possible that a complex mixture will significantly have different ecotoxicity with respect to the single substance representing its average structure.
The enormous worldwide use of surfactants, which are generally dumped into water systems, requires them to be as inocuous as possible for the environment: low toxicity and easily biodegraded. The comparison of different types of surfactants by ecotoxicological tests with luminescent bacteria together with biodegradability can also determine the choice for including them in detergent formulas, taking into account also their effectiveness in the wash.
It is important to relate the toxicity of surfactants with their molecular structure, quantitative structure-activity relationships (QSAR). Although a substantial body of data is available on the aquatic toxicity of various surfactants, there are few reported QSARs which correlate such data.
The best-known relationship is that using the octanol/water coefficient partition (log K ow ) (Roberts 1991) , and perhaps the best-known equation is that of Kö nemann for the toxicity of chemically unreactive aliphatic and aromatic compounds in 14-day LC 50 tests on guppies (Kö nemann 1981). Sometimes the log K ow value is not sufficient to model the biological response. Uppgard et al. approached the problem with multivariate quantitative structure activity (M-QSAR), for ethoxylated fatty alcohols (Uppgard et al. 2000a ) and alkylpolyglucosides (Uppgard et al. 2000b ).
An expression that related EC 50 values measured with D. magna with alkyl chain length (R) and EO units has been proposed by Wong et al. (1997) :
Also, for the estimation of acute D. magna toxicity, (starch/sugar) and fatty alcohols (vegetable oils). They also belong to the group of nonionic surfactants and can be described in terms of an acetal structure ( Figure 1 ). The R fatty alcohol radicals have 8 to 16 carbon atoms, and DP the average number of glucose units per alkyl radical, ranging between 1 to 2.
Also, a study is made of the monitoring of ecotoxicity during the biodegradation process of the above-mentioned surfactants.
MATERIALS AND METHODS
The following surfactants were used in this study: fattyalcohol ethoxylates with the general formula R(Z OZCH 2 ZCH 2 ) n ZOH, listed in In these experiments, the measurement was taken with the measuring system LumiStox w 300, which consists of an incubation unit and an instrument for measuring bioluminescence (Bulich 1986) . The toxicity measurement is based on the luminous intensity of the marine bacteria of the strain Vibrio fisheri NRRLB11177 after a certain exposure time to a toxic substance. The luminescent bacteria, from the supplier Hach Lange, were dehydrated and frozen at 2 188C and were reactivated with the suspension supplied by Hach Lange. The assay conditions were pH ¼ 7.0 and ClNa concentration of 2%. All the measurements were duplicated for incubations times of 15 and 30 min. When necessary, the sample was filtered prior to the assay.
The toxicity value was measured as EC 50 or EC 20 , which are, respectively, the surfactant concentrations that inhibit 50 and 20% after 15 and 30 min of exposure.
In addition, during the biodegradation process of the surfactant, a toxicity analysis was made of the evolution of the metabolites generated. The measurements were made following the same procedure indicated above. In this case, the results could not be expressed in terms of concentration, as the samples were of unknown composition. Therefore, to evaluate the toxicity during the biodegradation process the toxicity value of the sample is expressed as a (%) of inhibition, and the variation in toxicity during the biodegradation assay as the variation of the inhibition percentage (Jurado et al. 2004 
RESULTS AND DISCUSSION
The toxicity was determined for different surfactants: FAEs, NPEO, and APGs. The initial concentrations of the surfactant were between 100 and 500 mg/L, depending on the surfactant assayed.
The initial values of luminous intensity measured were corrected by a factor that takes into account the natural decrease in luminous intensity, even in the absence of the toxic sample:
with I 0 (0) and I t (0) being the readings of luminous intensity in the well containing concentration 0 at time 0 and t (Equation 4).
The percentage of inhibition (inhibitory effect) was calculated by the expression: The Gamma function, the ratio between the light intensity lost by the bacterial solution and that remaining after exposure to the toxic sample, can be evaluated by the equation:
From the results, a linear relationship can be deduced between the function G and the concentration of the surfactant used, in the following form:
The values of EC 20 and EC 50 , expressed as mg/L, are calculated, giving G values of 0.25 and 1, respectively. The results for the different surfactants assayed are presented in Table 2 , in decreasing order of toxicity, for incubation times of 15 and 30 min.
The results indicate for all the non-ionic surfactants assayed the toxicity presented EC 50 (15 min) values of 1.24 performed with V. fischeri (Figure 2a ). Similar studies also showed that the homologous of alkylpolyglucosides of the longest alkyl chain presented the highest ecotoxicity values (Steber et al. 1995) .
In addition, the toxicity values (EC 50 , 15 min) were plotted against the HLB of the three alkylpolyglucosides used (Figure 2b) showing that toxicity fell as HLB rose.
Another parameter characteristic of surfactants is their critical micelle concentration (CMC); on representing the variation in toxicity against the CMC (Figure 2c ), a potential relation was also found between toxicity and the CMC, toxicity falling as the CMC of the surfactant rose. The results are in agreement with the data in the literature, even using other test microorganisms (Uppgard et al. 2000b) .
For FAEs, the relationships between toxicity and different parameters characteristic of these surfactants have also been analysed. In this case, the relationships found for toxicity were HLB, number of units of ethylene oxide and the alkyl chain length. expression similar to the one proposed by Wong et al. (1997) and Boeije et al. (2006) . The relation found with our data is: EC 50 ð15 minÞ ¼ 10 20:192·Rþ0:151·EOþ1:88 ðmg=LÞ; R 2 ¼ 0:979 ð10Þ Figure 4 shows the experimental results versus values calculated with this equation.
Analysing the overall results, we conclude that contributions of EO units in toxicity in this R/EO QSAR is almost identical to that in Boeije et al. (2006) . Different contribution is found for alkyl chain length. This fact may be explained by the different organism used in the assays:
V. fisheri versus D. magna.
An analysis of the behaviour of the toxicity and HLB again indicates that the toxicity was greater for surfactants with a smaller HLB. This fact has also been treated in the literature, as numerous studies seeking to establish structure-activity relationships have concluded that the FAEs with greater hydrophobicity -that is lower HLBshow higher toxicity values (Wong et al. 1997) . Therefore, this characteristic parameter of all surfactants could be taken as a reference for predicting FAEs toxicity. These results are consistent with those proposed by Boeije et al. (Boeije et al. 2006) , who established a relationship between the EC 50 found with toxicity assays using D. magna and log K ow (Equation 2).
In any case, both relations are in agreement with the fact that increasing the alkyl chain length leads to a lower EC 50 , whereas increasing ethoxylation leads to lower toxicity.
To eliminate any doubt concerning the environmental lability of surfactants, a study was made of the evolution of the toxicity over the biodegradation process. In this way, it can be confirmed whether metabolites of biodegradation are more toxic than the original surfactant, or on the other hand whether the surfactants studied have acceptable environmental biodegradability-that is, the toxicity of the biodegradation metabolites is less than that of the initial surfactant and that the surfactants are not only primary biodegradable or mineralizable.
To study the effect of concentration on the toxicity, the biodegradation assays were carried out at different initial concentrations of surfactant: 15, 20, 25 and 50 mg/L.
For each sample, the inhibition of luminescence was measured after 15 min of incubation, expressing the results as a (%) of inhibition. Figure 5 shows an example of the toxicity results during the biodegradation process for the surfactant FINDET 1618A/18 for an initial concentration of 50 mg/L together with its biodegradation curve (Figure 5a ).
Analogous results were found for the rest of the FAEs and concentrations. Figure 5b and 5c present the toxicity results during the biodegradation process for the alkylpolyglucoside GLUCOPON 650 and for NPEO, at starting concentrations of 20 and 25 mg/L, respectively.
Finally, Figure 5d shows the effect of the concentration on the variation in the inhibition (%) over the biodegradation process of the FAE FINDET 1214N/23, reflecting that as the surfactant concentration augmented in the assay, more time was needed to reach null toxicity values.
All the non-ionic surfactants tested, except for NPEO, diminished significantly in toxicity during the first few days of the biodegradation assay and at all the concentrations tested. For NPEO, the toxicity during the biodegradation process peaked, thus confirming that the biodegradation metabolites were more toxic than the starting compound, as indicated in the literature (Marcomini et al. 2000) . whereas increasing ethoxylation leads to lower toxicity.
Finally, the evolution of the toxicity, expressed as a percentage of inhibition, was studied over the biodegradation process. For all the non-ionic surfactants assayed, except for nonylphenol polyethoxylate, a sharp decline in toxicity was observed during the first few days of the biodegradation assay and at all the concentrations tested. For nonylphenol polyethoxylate it was found that the toxicity during the biodegradation process peaked, thus confirming that the biodegradation metabolites were more toxic than the starting compound.
